Background: Studies on the relationship between vitamin D and visceral fat area (VFA; intra-abdominal fat area) have been actively conducted. But, there is a few Korean population-based studies about the association between serum vitamin D level and VFA. The aim of our study was to explore the correlation between serum 25-hydroxyvitamin D (25[OH]D) levels and VFA measured using bioelectrical impedance analysis (BIA; electric impedance) in healthy Korean adults. Methods: This cross-sectional study involved 1,945 adults aged 20-70 years who visited a health promotion center. All subjects underwent the BIA to estimate the VFA. Serum 25(OH)D level was measured using chemiluminescent immunoassay. Multiple regression analysis was performed to identify independent correlation of VFA and serum 25(OH)D level. Results: The prevalence of vitamin D deficiency (25[OH]D: 20-29 ng/mL) and insufficiency (25[OH]D <20 ng/mL) were 54.4% and 38.1%, respectively. After having adjusted age and season, VFA were negatively associated with serum 25(OH)D levels in both men (P<0.001) and women (P<0.001). The obese group with VFA ≥ 100 cm 2 had significant lower serum 25(OH)D level in men (P<0.001) and women (P=0.0034).
Introduction
In the past, it has been demonstrated that vitamin D is an essential nutrient of bone metabolism and calcium homeostasis. 1) In recent years, it has become clearer that vitamin D has additional physiological functions by cell signaling and regulating gene expression. 2) Several studies have reported that vitamin D deficiency affects obesity-related metabolic disease including diabetes, cardiovascular disease, and moreover autoimmune disease and cancer. 3, 4) In this context, the relationship between obesity, which is being recognized as a major global public health problem, and vitamin D is interestingly evaluated. Several cross-sectional study and meta-analysis have reported that blood vitamin D concentration is negatively correlated with obesity indicators, such as body weight, body mass index (BMI), percentage body fat (PBF), visceral adipose tissue (VAT). 5, 6) The risk of metabolic diseases appears based on different region of body fat accumulates, especially, visceral adiposity seems to have a closer relationship than another anthro-pometric indicator. 7) On that basis, researches for the relationship between visceral fat and vitamin D are actively discussed and studied. Our study is to explore the correlation between visceral fat area (VFA) and vitamin D in healthy Korean adults, using bioelectrical impedance analysis (BIA) as a simple and inexpensive method for measure of VFA.
Methods

Subjects
This retrospective cross-sectional study based on data extracted from the medical records. We enrolled 2,881 sub- Siemens Healthcare, Erlangen, Germany).
Anthropometric and body fat measurements
Anthropometric measurement was taken after at least 12 hour-fasting with subjects wearing light lobe and no shoes.
Weight and height were measured to the nearest 0.1 kg and 0.1 cm each other using an automatic scale (BSM330;
Biospace, Seoul, Korea). Body mass index was calculated as weight in kilograms divided by height in meters squared.
VFA and PBF were estimated by the bioelectrical impedance analysis (BIA) method (Inbody770; Biospace).
There is a diversity of references regarding on range of blood vitamin d levels. In the current study, a serum level of 25(OH)D <20 ng/mL is defined as vitamin D deficiency, whereas a level 20-29 ng/mL is insufficient, and a level ≥30 ng/mL is sufficient. 8) Obesity was defined as a BMI value exceeding 25 kg/m 2 . 9) Or obesity was defined as PBF ≥25%
in men and PBF ≥30% in women. 10) Visceral fat obesity was defined as a VFA exceeding 100 cm 2 .
11)
Statistical analyses
Continuous variables are expressed as means±standard deviation, categorical variables were presented as a total number (percentage). The subgroup comparisons between the men and women group were tested using in- 
Results
The characteristics of the study subjects
The characteristics of the subjects were shown in Table 1 .
The prevalence of vitamin D deficiency was higher in women (66%) than in men (49.9%), while the prevalence of vitamin D insufficiency was higher in men (42.7%) than in women (26.5%). In the case of sufficient vitamin D level, prevalence was shown similar in men (7.4%) and in women (7.5%). 
Relation analysis of vitamin D and obesity-related variables
To evaluate the variables associated with serum 25(OH)D levels, correlation analysis was conducted ( Table 2) 
Regression analysis
After having adjusted age and season, BMI, PBF, VFA 
Table 2. Correlation between serum 25(OH)D and variables
were negatively associated with serum 25(OH)D levels in the multiple regression analysis ( Table 3) We analyzed men and women separately due to difference in distribution of body fat between men and women. with blood vitamin D levels. [13] [14] [15] In several studies, VFA showed significant correlation with blood vitamin D levels, although weight, waist circumference but not BMI. 16, 17) As vitamin D binding proteins (VDR) are discovered in many tissues, it has been identified that vitamin D affects various medical conditions. VDR play a role in various biological responses, such as, cell proliferation-inhibition, cell maturation and immune system. 18) To explain why vitamin D deficiency occurs in obese population, the following mechanisms have been suggested: 1) less sunlight exposure due to less activity, 2) reduced vitamin D synthetic capacity, 3) sequestration of vitamin D in adipose tissue, and 4) dilution effect by quantitative increase. 19) Several mechanisms have been suggested to explain the role of vitamin D in obesity, but it is not clear yet, which include: 1)
Increased levels of parathyroid hormone in vitamin D deficiency, that can increase lipogenesis by overflow of calcium into adipocytes, 20) 2) Decreased leptin synthesis due to depletion of vitamin D, that may increase appetite and lead to obesity. 21) Vitamin D deficiency less than 20 ng/mL (50 nmol/L) had significant correlation with occurrence of obesity in the cohort study of 2,460 Norwegian subjects. 22) A meta-analysis presented that vitamin D supplement did not improve obesity-related variables, 23, 24) whereas other meta-analysis presented that blood vitamin D levels increase as weight or PBF decreases. 25) Sun et al. 16) demonstrated that serum vitamin D levels are negatively correlated with VFA using magnetic resonance imaging (MRI), which is in correspond with outcome of our study, But not BMI. Shin et al. 17) found that 25(OH)D is negatively correlated with visceral adipose tissue using and is not associated with waist circumference and BMI.
These findings were partially similar to the results of our study. Kim and Kim 26) suggested that 25(OH)D is associated with adiposity but not with the indicators used to estimate adiposity, such as waist circumference or BMI.
These findings were inconsistent with our outcomes that BMI, PBF, VFA estimated by BIA were associated with 25(OH)D. Most of previous studies used sophisticated methods to estimate of the amount of adipose tissue, such as computed tomography (CT), dual-energy x-ray absorptiometry (DEXA) and MRI. Above mentioned imaging mo-dalities are precise, but expensive or higher risk related to radiation. BIA is modality to assess body composition from differences of tissue conductivity. Existing studies demonstrated that BIA accurately estimate body fat and VFA. [27] [28] [29] Nagai et al. 27) reported that VFA measured using BIA is strongly correlated with CT-measured VFA (r=0.905, P<0.01). BIA is considered useful method to measure adiposity, relatively less expensive, less exposed to radiation and easier. In our knowledge, researches of association between blood vitamin D levels and VFA measured using 
